The objectives of this work were: (1) to identify an isotherm model to relate the contaminant contents in the gas phase with those in the solid and non-aqueous liquid phases; (2) to develop a methodology for the estimation of the contaminant distribution in the different phases of the soil; and (3) to evaluate the influence of soil water content on the contaminant distribution in soil. For sandy soils with negligible contents of clay and natural organic matter, contaminated with benzene, toluene, ethylbenzene, xylene, trichloroethylene (TCE), and perchloroethylene (PCE), it was concluded that: (1) Freundlich's model showed to be adequate to relate the contaminant contents in the gas phase with those in the solid and non-aqueous liquid phases; (2) the distribution of the contaminants in the different phases present in the soil could be estimated with differences lower than 10% for 83% of the cases; and (3) an increase of the soil water content led to a decrease of the amount of contaminant in the solid and non-aqueous liquid phases, increasing the amount in the other phases.
Introduction
Soil contamination is a serious environmental problem, which is a consequence of industrial activities, disposal of industrial or municipal wastes, and environmental accidents. Inadequate actions can introduce contaminants in the soils degrading their quality, endangering their utilization, and, in some cases, creating public health risks.
In the last decades, increased efforts have been made in order to remediate and recover contaminated soils using different remediation methodologies. To remove the contaminants in order to accomplish the pre-defined cleanup goals, technologies using high temperatures to desorb and/or destroy (incineration) the contaminant, chemical processes that transform the contaminant in other less toxic products, physical processes, and microorganisms (bioremediation) are commonly used (Suthersan 1996) . The choice of an appropriate and efficient remediation technology is one of the most important and decisive steps in the remediation process (Barnes 2003) . This choice depends on the physical and chemical properties of contaminants and soil, its partition in the soil matrix, and its location. These parameters control the contaminant availability and mobility in the soil. Some technologies can be efficient for specific conditions and contaminants, but if only one condition changes, the process can be totally inefficient. Supposing that a contaminant is mostly in the gas phase, its remediation can be efficiently performed through soil vapor extraction with relatively low costs; but if the same contaminant is in a humic soil with high natural organic matter content, it is mostly located in the solid or aqueous phases and the remediation process through soil vapor extraction can become time-consuming, expensive, and inefficient (Grasso 1993).
In the soil matrix, the contaminant is distributed in the different phases of the soil matrix (gaseous, aqueous liquid, non-aqueous liquid, and solid). Extraction from these four phases depends on different mechanisms: volatilization into the gas phase, dissolution into the bulk water phase, adsorption on soil mineral particles or on natural organic matter, and maintenance as a nonaqueous liquid phase (Costanza and Brusseau 2000) . The distribution of the contaminant in the soil phases depends on properties of the contaminant (such as vapor pressure or water solubility) and on soil properties (such as temperature and contents of natural organic matter and water).
Soil temperature affects the vapor pressure and the Henry's constant of the contaminants, influencing their partition (He et al. 2009 ). An increase of 20 • C in the soil temperature can double or triple the vapor pressure of organic pollutants (Poppendieck et al. 1999) ; consequently, the increase in temperature raises the concentration of pollutants in the gas phase. Natural organic matter content is a key parameter in the adsorption process (Zhang et al. 2009 ); however, the presence of mineral particles also have a capacity to adsorb contaminants (Sequaris et al. 2005) . It increases the adsorption in alkaline soils, while in acid soils, due to the clay content, the adsorption of volatile organic compounds is inversely proportional to the organic carbon content (Serrano and Gallego 2006) . In a previous study, natural organic matter content dominates the sorption processes when its content is higher than 0.1% in soils with low clay content (Albergaria 2003) . Soil water content influences the distribution of the contaminant due to the impact on the mass transfer of contaminant through all phases. When the water is covering soil particles or filling the pores, water and contaminant compete for the same adsorption sites of the soil because the adsorption sites previously available to capture the contaminant are occupied by water molecules. This competition leads to a decrease in soil adsorption capacity. This is supported by the study of Yoon et al. (2002) that concluded that soils with high water content have lower monolayer capacity and the rate of volatilization of the non-aqueous liquid phase is limited due to the slow diffusion through the water filling the pores. Experiments performed with water-miscible (methanol) and water-immiscible contaminants (benzene) showed that the overall adsorption equilibrium constants decreased with increasing soil water content and that adsorption of water-miscible contaminants into adsorbed water layers in soil represents an important sorption process (Kalender and Akosman 2004) . In another previous study, it was observed that, for low amounts of cyclohexane in soil, an increase in soil water content increased the contaminant in the gas and aqueous phases due to the decrease in adsorption capacity and the increase in solubility in the aqueous phase. For higher amounts of contaminant, saturation of the aqueous phase and the formation of a non-aqueous liquid phase were observed (Albergaria 2003).
Adsorption isotherms are often used to study the partition of a pollutant in gas/solid systems and to obtain important parameters such as distribution coefficients (D'Agostinho and Flues 2006; Kobayashi et al. 2003) , heats of adsorption (Bakaev et al. 2007 ), or monolayer capacities (Mohapatra et al. 2007 ). Models like Langmuir, Freundlich, and Brunauer-Emmet-Teller (BET) have been commonly used to adjust the experimental data (Gregg and Sing 1997) .
This work reports the study developed to evaluate the behavior of benzene, toluene, ethylbenzene, xylene, trichloroethylene (TCE), and perchloroethylene (PCE) in sandy soils with different water contents. The main objectives were:
